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Outline 

1. Lunar Laser Ranging Science 

 1.1. Precision Tests of General Relativity 

 1.2. Lunar geophysics (selenophysics) 

 1.3. ITRF and IMRF  

2. Super Lunar Laser Ranging  (SLLR) 

 2.1. Schematic diagram of Super LLR 

 2.2. New Caucasus Observatory of Moscow University 

 2.3 Time and frequency synchronization system 

 2.4. Laser 

 5.8. Super LLR Configuration 

3. Conclusion 
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Why it is necessary to do  

 

ÅTest of General Relativity and Spacetime 

 Torsion 

Å Lunar Geophysics 

Å IMRF (International Moon Reference Frame)  

 

 

LLR Science: 



4 Williams, Turyshev, Boggs 

(2004) 

Targets of new advanced experiments in LLR 

Towards sub-millimeter accuracy! 



5 

 LLR: Lunar geophysics (selenophysics) 

Å Librations, Interior parameters 

Å Love numbers  

Å Presence of a liquid core in the Moon, 

 having a radius of ~ 350 km. 
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 LLR: ITRF and IMRF (International Moon Reference Frame)  

ITRF (International Terrestrial Reference Frame): 
Å Coordinate-and- time  support 

 

IMRF (International Moon Reference Frame): 

Å Referenced to ITRF with laser and/or radio; realized by network of 

geodetic points. 

Å For lunar surface exploration and colonization 

ÅLink of Principal Axes and Mean Earth - systems 



Advanced lunar laser ranging  stations  

(achieved accuracy 1-3 mm) 

APOLLO ï 3,5 m (Apache Point, USA) MeO ï 1,54 m (Grasse, France)  
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Apollo-11, Apollo-14 

100 ʰʪ.   

Ï38 

Apollo-15 

300 ʰʪ.  

 Ï38 

ʃʫʥʦʭʦʜ-1, ʃʫʥʦʭʦʜ-2 

14 ʰʪ.  

Ï65 

Accuracy 1-3 mm is the physical limitation with multi-CCR arrays 

Improvement in LLR efficiency and precision can only come from single large retroreflectors. 
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Laser parameters and ñfrozen turbulenceò 

Laser repetition rate 
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Number of measurement to obtain the normal point with 0.1 mm precision 

Letôs return photons: 0.1/pulse, to obtain 0.1 mm precision one needs 

During the time of ñfrozen turbulenceò tfrå100 ms  

must be radiated ~ 104÷2×104 pulses, 

Laser repetition rate: 

 LRR~100 kHz. 
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Super Lunar Laser Ranging  (SLLR) 

 

 

 

Å New Retroreflector 

ÅTelescope with aperture 1,5 ï 3 m 

Å High Laser  Repetition Rate and ñFrozenò Atmosphere 

ÅH-maser 

ÅPhotodetector ? 

ÅSuper LLR Configuration 


